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Estimates of Maturing Rates and Masses at 
Maturity for Body Components of Sheep 

T. G. Jenkins1 and K. A. Leymaster 

Roman L. Hruska US Meat Animal Research Center, ARS, USDA, 
Clay Center, Nebraska 68933-0166 

ABSTRACT Weight data for fleece-free empty 
body, carcass and offal components, and their chemical 
constituents (protein, water, lipid, and ash)  were 
collected via serial slaughter techniques. Rams sired 
by a sheep breed of high genetic merit for growth were 
slaughtered from birth through 48 mo of age. Approxi- 
mately six rams were killed a t  each of 13 slaughter 
ages. The data were fit with a nonlinear function Yt = 
A( 1 - Be-kt) to provide estimates of rates of maturing 
( k )  and weight at maturity ( A )  for components of 
interest. Except for the testes, all tissues met the 
convergence criterion. The proportion of offal compo- 

nents relative to  empty BW was greatest at  birth and 
steadily declined after this time. Rates of maturing for 
visceral organs (except for the heart) and the protein 
constituent of the offal were of greater magnitude 
than the carcass and nonprotein constituents of both 
the offal and carcass. Estimated maturing rate and 
weight at maturity for lipid of the carcass exceeded 
corresponding estimates of the offal lipid. Evidence 
was provided suggesting that the developmental 
patterns of body components may be established by 
functional demand. 

Key Words: Growth Curve, Carcasses, Viscera, Protein, Water, Lipids 

Introduction 

To facilitate investigations into allocation of limited 
resources in animal production systems, the activities 
for defined components of the production system 
require characterization. Included among these activi- 
ties is the accretion of empty body tissues from birth 
through maturity of the animals. Information such as 
this can be used to develop predictive models of 
animal performance. These predictive models vary in 
the degree of complexity and scope. Independent data 
sets are needed to evaluate growth models. 

Total weight of an animal is a static measure of the 
dynamic process of growth. It reflects the summation 
of the weight of the body constituents. Just as “growth 
curven analyses can be used to characterize weight-age 
relationships for the total animal, this approach also 
may be used to characterize the increase in mass of 
body constituents. Although it is possible to  record 
repeated measures on individual animals with the 
former measurement, limited opportunities exist for 
repeated observations from individual animals for the 
latter. 
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The objective of the present study was to character- 
ize mature mass and maturing rates for empty body 
components and chemical constituents of rams from 
birth through 48 mo of age. Information is needed t o  
allow estimation of parameters for individual consti- 
tuents of empty BW from birth through maturity. 
These estimates are required to set parameters for 
models and(or) the information may be used for 
simulation model evaluation. 

Materials and Methods 

Male lambs produced from mating Columbia rams 
to crossbred ewes (112 Finnsheep, 114 Dorset, 114 
Rambouillet) born during a 25-d period in March 1981 
were assigned to the study. All lambs remained intact. 
Lambs were weaned at  approximately 70 d of age. 
After a postweaning adjustment period, the rams were 
placed in a drylot and had access to  a diet that 
contained 2.89 Mcal of MEkg of DM and 16% CP. 
Animals were fed this diet for approximately 140 d, 
after which the lambs were transported to a ram 
holding facility. Rams remained at  this facility until 
the time of slaughter. Weights of individual rams were 
recorded at birth, weaning, and at monthly intervals 
until the time of slaughter. 
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Table 1. Slaughter schedule for rams 

Year 

Month 1981 1982 1983 1984 1985 
~ 

January - - - - 
March 6 6 6 6 7 
June 6 

6 July 
September 6 6 6 
November 6 6 

6 

- - - - 

- - - - 

- - 

- - - 

Six animals were killed at  each time with the 
exception of the last slaughter when seven animals 
were sampled (Table 1 ) .  Slaughter data were col- 
lected from new born lambs within 24 h of birth. A 
sample of rams was slaughtered after weaning and at  
70-d intervals through 12 mo of age. 

After slaughter at 12 mo, the population continued 
to be sampled at  6-mo intervals; the final group was 
slaughtered a t  approximately 48 mo of age (Table 1) .  
Rams chosen for slaughter at each slaughter event 
were identified as the individuals whose removal 
would have minimal effect upon the mean weight and 
variance of the remaining population. Rams identified 
for slaughter were not fed for 24 h. Rams were 
exsanguinated. Weights recorded on day of slaughter 
included live animal, pelt, pelt-free head, fore-hind 
hooves, carcass, and the abdominal and thoracic 
organs: liver, heart, lung, digesta-free gastrointestinal 
tract, spleen, kidneys, and testes. Fat deposits around 
the heart, lung, and gastrointestinal tissues were 
removed before weighing the organs. Except for the 
pelt and the carcass, the remaining components were 
pooled and frozen ( -10°C) for storage. The carcass 
was partitioned and frozen for storage ( -10°C) after 
these measurements were recorded. Two body pools 
for each animal, noncarcass and carcass, were subse- 
quently ground four times and sampled in triplicate 
(approximately 100 g). All samples from the body 
pools were analyzed for DM, N, ether extractable lipid 
(fat), and ash following AOAC (1984)  protocols. 

Mature weights and maturing rates were estimated 
for live weight, pelt-free empty body, pelt-free head, 
fore-hind hooves, hot carcass, liver, heart, lung, 
kidney, pooled rumen-complex, testes and small and 
large intestines (empty gastrointestinal tract), total 
offal (all noncarcass tissue exception for fleece and 
blood), and the constituents for each body pool-protein 
(calculated N x 6.25), water, ether extractable lipid 
( fa t ) ,  and ash. Parameter estimates for these traits 
were obtained by fitting weight-age data to a non- 
linear function using the derivative-free method proce- 
dure available in SAS (1985) .  Parameters of the 
monomolecular growth function have been described 
in biological terms (Brody, 1945). Using least squares 
methods to  solve the following nonlinear model: Y = 
A ( l  - Bepkt), parameter estimates for the asymptote 
(A, mature weight), shape of the curve (k,  rate of 

maturing), and constant of integration ( B ) were 
obtained. Convergence was assumed when the differ- 
ence in residual sums of squares between the ith - 1 
and the ith iteration relative to  the ith iteration + lop6 
was c Initial estimates required for the non- 
linear procedure were derived either from mean 
values at  48 mo for A or from published estimates for 
the organs for k (Brody, 1945). For chemical consti- 
tuents of the carcass and offal depots, initial values for 
k were estimated as the rate of weight change during 
the period relative to the mean weight at  48 mo of age. 

Results 

Means and standard deviations for fore-hind 
hooves, pelt-free head, and internal organs are 
reported in Table 2. At birth, the structural compo- 
nents (sum of the pelt-free head and fore-hind 
hooves) represented 12.9% of the empty body, liver 
4.5%, heart 1.2%, lung 4.3%, empty gastrointestinal 
tract 6.9%, and kidney 1.2%'. At 48 mo, the proportions 
of these tissues relative to empty BW were structural 
5.7%, liver 1.2%, heart .6%, lung 1.170, empty gas- 
trointestinal tract 6.2%, kidney .2%, and testes 3%. 
Precision of the scales was not sufficient to  measure 
testes weight at birth. Means and standard deviations 
for live weight and body chemical constituents by 
mean slaughter age are reported in Table 3. Animals 
killed at  birth had a mean weight of 5.4 kg (SD .71). 
The empty body was composed of 14% protein, 76.6% 
water, 4.8% fat, and 4.3% ash. Mean composition of 
the empty body for rams at the last slaughter was 
15.7% protein, 48.5% water, 31% fat, and 5.1% ash. 

The convergence criterion was satisfied for all 
components of interest except the testes. Inspection of 
a plot of the residuals from the traits did not provide 
an indication of bias in the fit of the model. Figures 1 
and 2 are representative of smooth curves for empty 
BW and liver obtained by fitting the serial slaughter 
data to the nonlinear model. Observations for each 
slaughter event are included in the figures. 

Asymptotic (mature weight, kilograms) and curve 
shaping parameter (rate of maturing, 
kilograms.kilograms-l.day-l) estimates for live 
weight, pelt-free empty body, carcass and offal 
weights, and chemical constituents are reported in 
Table 4. Mature weight for 1/2 Columbia rams was 
estimated as 106 kg, which was lower than the 
estimate reported by Blaxter et al. (1982)  for 1/2 
Suffolk rams. For rams in the present study, approxi- 
mately 73% of estimated mature weight was 
represented by the pelt-free empty BW. 

Among the carcass and offal chemical constituents, 
offal protein and water had the greatest rates of 
maturing. Estimates of maturing rates for the remain- 
ing traits were intermediate and similar. Rate of 
maturing of offal fat was lower than estimated rates of 
maturing for the other constituents (Table 4) .  For the 
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attributable to  the offal component. Estimated protein 
1200 (183 g, 3.2%) and water (1,194 g, 21.1%) at birth 

tended offal at to maturity be higher (2.6% than protein, constituent 11.4% proportions water, respec- of 

and ash (42 g, .7%) at 1 d postpartum were lower 
than those observed at maturity (10.5% fat and 1.2% 

.F f 1000 

.E 600 
-I 

tively), whereas the proportions of fat (420 g, 7.4%) 

y" 

X 

" P x  x x  
x x  - x x  X 

-FF x x  X 

- X X  

- )I 

I t  X 

x x  
x 

E 
m .- 
$ 
% 
0 
0 n 
>. c 
E" w 

loo r 
90 

BO 

70 

60 

50 

40 

Predlcted empty body welght, kg 
Observed empty body welght, kg 10 

0 200 400 600 800 1000 1200 1400 

Age, days 

Figure 1. Plot of observed empty body weights at 
designated ages of slaughter (xxx) and predicted growth 
curve resulting from fitting observations to Brody 
growth function (--I. 

remainder of the paper, comments regarding the 
relative mass of components or constituents relate to  
pelt-free empty body mass at maturity unless other- 
wise specified. 

At maturity, 76.9% of the empty body was ac- 
counted for in the carcass component compared with 
67.9% of the estimated weight at 1 d postpartum (5.7 
kg empty BW, predicted weight). Relative to carcass 
weight a t  maturity, the chemical constituents of the 
carcass component were 15.8, 50.0, 30.0, and 5% for 
protein, water, fat, and ash, respectively. Relative to 1 
d postpartum empty BW, the carcass constituent 
proportions were 8.8% protein, 39.6% water, 16.4% 
fat, and 3.1% ash. Relative proportions of estimated 
protein, water, fat, and ash of the carcass tended to 
increase as the animal approached maturity. Approxi- 
mately 32.3% of the weight a t  1 d postpartum was 

Table 4. Parameter estimates (k standard error) 
characterizing growth of live weight, hot carcass, 

offal, and components of ramsa 

Estimated parameters 

Component A, kg k ( x  B 

Live wt 106 f 1.4 3.23 * .37 .95 f .01 

Pelt free empty body 
Carcass 
Protein 
Water 
Fat 
Ash 

Offal total 
Protein 
Water 
Fat 
Ash 

78 f 2.4 2.90 f .33 .93 f .04 

60 f 2.0 2.77 f .33 .93 f .04 
9.5 k .07 2.51 f .31 .95 f .01 

29.7 f .79 2.83 f .29 .93 2 .03 
18 f 1.4 2.34 f .65 .93 f .08 
3 f .08 2.82 f .25 .96 f .03 

18.8 f .48 3.40 f .36 .92 f .04 
2.2 f .04 3.63 f .27 .91 f .03 
8.9 f .14 4.83 f .39 .87 f .03 
8.2 f 1.2 1.38 f 5 2  .95 f .06 

.8 f .03 2.41 f .28 .95 f .03 

aEstimates from fitting growth equation yt = A * ( 1  - Be-kt) 
where: Yt = weight at time t, t = days from birth, A = estimated 
weight at maturity of component, k = estimated rate of maturing of 
component (kilograms.kilograms-l.day-l), and B = integration con- 
stant. 

postpartum to 4.7.% at maturity. Proportion of inter- 
nal organ tissue at maturity ranged from 1.3% for the 
liver to  .2% for the kidney; heart and lung had values 
of .6 and 1.1%, respectively, and the empty gastroin- 
testinal tract, 7.0%. Based on predicted weights at 1 d 
postpartum for liver (146 g) ,  lung (187 g),  kidney 
(55 g),  and empty gastrointestinal tract (1.54 kg) the 
proportional weight of these organs relative to  empty 
BW decreased from time of birth to  maturity by 51, 67, 
80, and 75%, respectively. The only organ whose 
developmental pattern tended to  be similar to empty 

1400 1600[ 

ash). 
Parameter estimates for the structural components 

of hooves and the pelt-free head and internal organs 
are reported in Table 5. Rates of maturing of the fore- 
hind hooves, liver, lung, kidney, and empty gastroin- 
testinal tract were larger than the pelt-free head and 
heart. 

Predicted weight of hooves at  1 d postpartum (140 
g) represented approximately 2.4% of empty BW at 
that time compared with 1.4% at maturity. The 
proportion of pelt-free head decreased from 6.7% at 1 d 

Predicted liver weight, g 
200 Observed liver weight, g 

0 200 400 600 800 1000 1200 1400 

Age, days 

Figure 2. Plot of observed liver weights at designated 
ages of slaughter (xxx) and predicted growth curve 
resulting from fitting observations to Brody growth 
function (--). 
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Table 5. Parameter estimates (+ standard error) 
characterizing growth of structural components 

and internal organs of ramsa,b 

Estimated parameters 

Item A k ( x  W4) B 

Fore-hind hooves 1,101 _+ 22 5.48 i .59 .88 ? .04 
Pelt free head 3,667 k 68 2.95 f .21 .90 i .02 
Organs 
Liver 1,041 i 27 8.47 f .15 .86 k .07 
Heart 447 i 17 2.63 f .40 .82 f .04 
Lung 892 k 49 6.51 k 2.13 .79 f .13 
Kidney 185 k 4 5.53 f .85 .70 k .05 

gastro-intestinal 5.43 f .12 4.23 f .41 .92 i .04 

aEstimates from fitting yt = A * (1 - Be-kt) where: Y, = weight 
a t  time t, t = days from birth, A = estimated weight a t  maturity of 
organ, k = estimated rate of maturing of organ 
(kilograms.kilogram-l.day-l), and B = integration constant. 

for A: kilograms for empty gastro-intestinal, grams for 
remainder of components. 

Empty 

BW was the heart, which tended to sustain the 
relative proportion at  each of these time points (81 g 
and 1.5% a t  birth vs 447 g and 1.1% at maturity). 

Discussion 

The fit of the three parameter model was satisfac- 
tory. As discussed by Doren et al. (19891, the 
goodness-of-fit characteristics of nonlinear models 
containing more parameters may be superior to  the 
model used in the present paper, but the appropriate 
model is best defined by the nature of the data and 
application of the results. In this regard, the primary 
objective of the present study was to obtain estimates 
of mature masses of the components of empty BW and 
some measure of rate of accretion of these components. 

Characterization of growth and development of 
empty body components typically is accomplished 
through imposition of treatments (Blaxter et al., 
1982). Limited information is available characterizing 
growth patterns through maturity of empty body 
constituents for a breed of sheep previously character- 
ized as having high genetic merit for postweaning 
growth (Leymaster and Smith, 1981). Maturing 
patterns for carcass and noncarcass components were 
consistent with information previously reported by 
researchers studying the allometric relationships 
among body components or constrained forms of the 
allometric relationship to allow estimation of relative 
maturing rates with a linear model (Butterfield, 
1988). Estimates of maturing rates ( k )  for liver, lung, 
and kidney and the structural component of fore-hind 
limbs were two- to  threefold greater than the estimate 
for the carcass. Brody (19451, Kirton et al. (19721, 
and Butterfield et al. (1983) reported allometric 
coefficients significantly < 1 when log values of these 
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components were regressed on the log of empty BW. 
Butterfield (1988) provided similar rankings for these 
tissues pattern of development but with coefficients > 
1 because of application of the linear form of a 
prediction equation. Tissues essential for life process 
(i.e., respiration and metabolism) would be expected 
to be highly developed at  birth, whereas tissues 
associated with locomotion and storage would be 
lesser developed, and tissues associated with 
reproduction would be among the latest maturing 
tissues. In the present study, the only tissue that did 
not meet the convergence criterion was the testes. 
Developmental patterns of tissues seem to be set to  
meet a priority of growth described as a functional 
demand by Bryden (1969). 

Of interest in the present study was the develop- 
mental pattern of the liver, an  early maturing tissue 
based on the estimated k value. This observation 
agrees with the allometric coefficient estimate 
reported by Brody (1945). Taylor and Murray (1993) 
reported a nonlinear relationship between mass of 
liver and proportion of mature weight attained 
(degree of maturity). Using the relationship derived 
by these researchers, predicted liver weight based on 
the estimated mature pelt-free empty BW ( A  ) was in 
close agreement with the estimated liver weight a t  
maturity in the present study; 1,148 vs 1,041. 
However, a comparison at  .60 mature mass was not as 
satisfactory. The relationship reported by Taylor and 
Murray (1993) predicted a liver mass of 689 g. 
Predicted liver mass based on the parameters esti- 
mated in the present study was 912 g and occurred at  
approximately 229 d of age. Work reported by Koong 
et al. (1982) and Ferrell (1988) provides evidence 
that the liver tissue is sensitive to  energy intake. 
Observations for liver mass in the present study 
through 229 d of age were obtained from rams 
provided a high level of nutrition since weaning. The 
discrepancy between the two predictions of liver mass 
seems to support the conclusion of Taylor and Murray 
(1993) that a relationship between liver mass and 
degree of maturity is affected by the intake of energy. 

The kidney, lungs, and gastrointestinal tract were 
similar to  the liver in rates of maturing in that they 
were relatively high. This becomes critical when the 
relationship between mass of the visceral organs and 
energy expenditure is considered (reviewed by Ferrell, 
1988). These tissues make up < 20% of the empty 
body but the metabolism of these tissues constitutes 
approximately 40 to 45% of total expenditure of 
energy by the animal (Ferrell, 1988). At 229 d, liver, 
lung, kidney, and the empty gastrointestinal tract 
constitute approximately 47% of the offal component 
of the lamb. The rate of maturing for offal protein was 
approximately 45% greater than the rate of maturing 
for protein in the carcass. Leymaster and Jenkins 
(1985) reported that for rams of similar genetic merit 
for growth, > 80% of the variation in ADG between 32 
and 73 kg could be explained by the accretion rates of 
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offal and carcass protein ash and lipid. Using path 
analysis, they reported that the constituents having 
the largest direct effects on ADG were accretive rates 
of carcass and offal protein. Although the visceral 
protein component of empty BW was approximately 
threefold less than the carcass protein component of 
the empty body (2.8 vs 10.0%), the larger direct path 
coefficient was associated with offal protein accretion. 

Changes in feeding programs during the period of 
high growth impetus may influence the developmental 
pattern of these tissues resulting in variation in 
energy requirements for maintenance, thus influenc- 
ing feed conversion efficiency (Turner and Taylor, 
1983). A protocol to  increase postweaning perfor- 
mance (growth, weights at given age, etc.) and 
carcass merit by the livestock industry through 
breeding and nutrition programs requires that the 
interrelationships among specific organs and other 
tissues be considered. 

Implications 

Simulating accretion of components of empty body 
mass requires that the predictive equations, whether 
the equations are formulated from mechanistic con- 
cepts or derived from empirical relationships, to  be 
sensitive to  both genetic and environmental sources of 
variation. Allocation priorities adopted to partition 
ingested nutrients within simulation models should 
reflect biological relationships among constituent 
parts. The early rates of maturing of portal drained 
viscera organs and liver coupled with their association 
with higher rates of energy expenditure and influence 
on average daily gain need to be considered. Adoption 
of feeding standards that reflect the dynamic nature of 
nutrient utilization is required by the industry. 

Literature Cited 

AOAC. 1984. Official Methods of Analysis (14th Ed.). Association of 
Oficial Analytical Chemists, Arlington, VA. 

Blaxter, K. L., V. R. Fowler, and J .  C. Gill. 1982. A study of growth 
of sheep to maturity. J. Agric. Sci. (Camb.) 98:405. 

Brody, S. 1945. Bioenergetics and Growth. Reinhold Publishing, 
New York. 

Bryden, M. M. 1969. Regulation of relative growth by functional 
demand: Its importance in animal production. Growth 33:143. 

Butterfield, R. M. 1988. New Concepts of Sheep Growth. Griffin 
Press, Australia. 

Buttefield, R. M., D. A. Grifiths, J. M. Thompson, J .  Zamora, and 
A. M. James. 1983. Changes in body composition relative 
weight and maturity of large and small strains of Australian 
Merino rams. I. Muscle, bone and fat. Anim. Prod. 36:29. 

Doren, P. E., J. F. Baker, C. R. Long, and T. C. Cartwright. 1989. 
Estimating parameters of growth curves of bulls. J. Anim. Sci. 
67:1432. 

Ferrell, C. L. 1988. Contribution of visceral organs to animal energy 
expenditures. J. Anim. Sci. 66(Suppl. 3):23. 

Kirton, A. H., P. D. Fourie, and K. E. Jury. 1972. Growth and 
development in sheep. 11. Growth of the carcass and non- 
carcass components of the Southdown and Romney and their 
moss and some relationships with composition. N.Z. J. Agric. 
Res. 15:214. 

Koong, L. J., C. L. Ferrell, and J. A. Nienaber. 1982. Assessment of 
interrelationships among levels of intake and production, organ 
size and fasting heat production in growing animals. J. Nutr. 
113:1626. 

Leymaster, K. A,, and T. G. Jenkins. 1985. Characterization of 
accretive rates for growth constituents in male Suffolk sheep. J. 
Anim. Sci. 61:430. 

Leymaster, K. A,, and G. M. Smith. 1981. Columbia and Suffolk 
terminal sire breed effects. J. Anim. Sci. 53:1225. 

SAS. 1985. SAS User’s Guide: Statistics. SAS Inst. Inc., Cary, NC. 
Taylor, St. C. S., and J. I. Murray. 1993. The effect of genetic size, 

maturity, and feeding level on liver weight. Anim. Prod. ( In  
press). 

Turner, H. G., and St. C. S. Taylor. 1983. Dynamic factors in models 
of energy utilization with particular reference to maintenance 
requirement of cattle. World Rev. Nutr. Diet. 42:135. 

 by on October 7, 2009. jas.fass.orgDownloaded from 

http://jas.fass.org



